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Table 1 Main properties of stable gasoline

Density (20 C)/

Flow rate/(t-h™")
(kgrem™)

Temperature/ C

Benzene flow rate/(kg-h™")

w(Benzene)/% ¢(Benzene)/%

736 69.1 130

955 1.38 1.15
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Table 2 Comparison between simulation results of stripping column based on operating parameters of oil refinery and optimized stripping

process

) Condenser
Process type Reflux ratio

heat load/ MW

Toal flow rate of stripping

steam/(t-h™")

@(Benzene) in benzene- ¢(Benzene) in benzene-

rich gasoline/% removed gasoline/%

Stripping column 1 1.03 6.51

Stripping column 2 1.79 15.62

1.122 2.79 0.90

12.568 425 0.70

There is no water in benzene-rich gasoline or benzene-removed gasoline; Stripping column 1 is based on operating parameters of oil refinery; Stripping column

2 is optimized
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Table 3  Simulation results of distillation column process
Case ¢(Benzene) in benzene-removed gasoline/% Bottom reboiler heat load/ MW Reflux ratio Reboiler steam consumption/(kg-h™)
1 0.73 3.67 1.29 6058
2 0.71 3.75 1.32 6190
3 0.70 3.81 1.34 6289
4 0.69 3.83 1.35 6322
5 0.28 7.61 2.68 12452
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Table 4 Comparison of process operating parameters

Steam con- Heat load MW
Reflux
Process type sumption/ .
» ratio Condenser Reboiler
(th™)
Stripping column 12.568 1.79 15.62 -
Distillation column 6.289 1.34 6.59 3.81

TP A TT 58 MRS 18 35 7 S8 1 W) - fi UL 5.
M1 5 ATLUE Y, PR 5800 BACRARIR] o IR 45 4
TERLAN iy B8 e 0 B S A1 (6 6) TR, TR
IR 15 55 07 58 7P 6 2R 0 o5 S R R
12.84% R LT, PR 55 FURS 18 05 5 38 A9 930
R BT i B O 5.10%, TR 75 B TR VR A
VR P 4 o e 3 R R AS A (], 1 B B R 5 5
W BE AR R o G AT e e R o R R
(Y LA, 3 LI RR 7 S8R S0 A, R SREE SR LR 6, i
e A P LA A B 0 By R R B R 47.00%
O5i%: i+ ORI RT VY IE: SERTHL A/ L 7SN

BT LR, BB RER T H AR A
SERANTA), AT AT o 44 i A S T R Y
JBi R BE T o A IR R I AR B A R T
0.70% HYRTHE T, & A7 H -5 B IR Gl hoR ik
JERR AR LA 7. IR T il LUA th, &2
R TN SRR S N R ST B 713
[ AR SERTIE I S E R PR I PN
Z, Oy BORG RE ZORBIR, MO A s M BERE . R BUR
[RLE T AR 4™ i el i1 L]

HEA R ity 1) RE PR 2 T 0 L 8, b XI%

S ORPETRTIR LS YRR BR LE
Table 5 Comparison of mass balance for stripping column and
distillation column

Stripping column Distillation column

Component Mass flow Mass Mass flow Mass
rate/(tth™")  fraction/% rate/(th™')  fraction/%
Gasoline feed 69.100 100.00 69.10 100.00
Stripping steam 12.568 18.19 - -
Light gasoline 25.570 37.00 25.27 36.57
Heavy gasoline 34.660 50.16 34.96 50.59
Benzene-rich
8.870 12.84 8.87 12.84
gasoline
Benzene-removed
60.230 87.16 60.23 87.16

gasoline

There is no water in product of top column, product of bottom column, ben-

zene-rich gasoline or benzene-removed gasoline for stripping column

F 6 HERLR i R BT 3 BN oA
Table 6 Comparison of benzene concentration distribution in feed
and product, comparison of benzene concentration

distribution in total benzene

w(Benzene) in total

w(Benzene)/%
benzene/%
Component

Stripping Distillation Stripping Distillation

column  column column column

Gasoline feed 1.38 1.38 100.00 100.00

Light gasoline 1.57 1.39 42.03 36.90

Heavy gasoline 0.30 0.44 10.97 16.10

Benzene-rich gasoline 5.10 5.10 47.00 47.00

Benzene-removed gasoline ~ 0.84° 0.84" 53.05 53.00

* p(Benzene)=0.70%
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Table 7 Relation between the extraction amount of benzene-rich gasoline and the benzene concentration in benzene-rich gasoline

Mass flow rate of

Extraction ratio of Mass flow rate of Mass flow rate of

Mass flow rate of ben- Benzene mass frac-  Benzene mass frac-

benzene in benzene-

benzene-rich benzene-rich benzene removal

zene in benzene-rich tion in benzene-rich tion in benzene-

removed

gasoline/% gasoline/(th™) gasoline/(t'h™) gasoline/(kg-h™) gasoline/% removed gasoline/%
gasoline/(kg-h™")

5.00 3.46 65.65 551.42 403.58 11.68 0.84

10.00 6.91 62.19 522.40 432.60 6.26 0.84

12.84 8.87 60.23 450.98 5.10 0.84

15.00 10.37 58.74 493.37 461.63 4.45 0.84

20.00 13.82 55.28 464.35 490.65 3.55 0.84

30.00 20.73 48.37 406.31 548.69 2.65 0.84

50.00 34.55 34.55 290.22 664.78 1.92 0.84

8 BRI i Y B AR B X L
Table 8 Comparison of Engler distillation for feed and product
T(Stable Distillation point of stripping column/°C Distillation point of distillation column/°C.
A gasoline)/ C Light gasoline ~ Benzene-rich gasoline ~ Heavy gasoline Light gasoline ~ Benzene-rich gasoline ~ Heavy gasoline

0 343 16.4 38.0 103.9 16.3 389 102.7
5 41.8 21.4 46.5 114.6 21.2 54.2 111.9
10 44.8 234 49.9 118.9 232 60.6 115.7
30 64.0 28.6 68.8 128.9 283 78.7 127.7
50 90.5 31.9 76.7 142.8 31.6 84.9 142.1
70 120.8 47.8 82.5 161.8 46.4 89.8 161.6
90 165.5 65.1 90.5 1829 60.1 101.6 182.6
95 181.8 74.8 93.5 190.8 66.4 114.4 190.6
100 198.1 84.4 96.5 198.7 72.7 127.3 198.7

TR A /N T RG IR 7 &, X A RS R B TR
R 89 °C, KiRIE MIEIIRIE 174 C, R 2
UK 118 305 B S O A HL A 2 o A 43 14 s, AT ol
ORI R &, B ORI o A, IR R
o PN 7 28 00 P M 2B s AR W], U8 W E 4 40 AR
BRGER, % T LR/

TR FURE 1S O S8 (W BEAEXT HL WL 26 9~ 11,
MBERE 7 10 L7, ANy 58 14 fL T R A 1Y) 2 B2 24 )]
TETESTRA e, TR A0 BE AT 15.62 MW,
SERETRIB WG . VRIS 7 R A IHAE 12.568 vh 281K,
TG 188 7 8 1) B o e AR % 7 TR TH#E 6.289 t/h,
13X 2 WG 097 2o 5 30 3 A T 19 [ 3 L gl B A 30 ) 1Y)
Oy BRI, WA T R ELA ZETRIR T o IR AR R
PR [ B 0 T POM I AR, TR IR IR
JE iR, BT LARE IO 22 A IR A . A T A2 Aol P
s R T PR R B BOR KT 0.70% 9 2R T,

RREE 7 SRR ZR TR UK b,

R TIEE R 5 REAE, 183 7 58 1 B L REAE A

RIS 7 AL 5.486 kg/t, BEHRE 18IS I 3 Ry L

FIATHE . a0 AT SR AT B A R B, B E T T

EHRIBGEI, T LT R ILR 12,
O HIHFERTLL

Table 9 Comparison of electricity consumption

Power/kW
Pump type
Stripping column  Distillation column

Overhead reflux pump 17 12

Overhead product pump 9 9

Benzene-rich gasoline pump 4 4
Bottom product pump 18 18
Overhead air cooler 351 148
Amount 399 191
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Table 10 Comparison of 1.1 MPa steam consumption

Process scheme

Mass flow rate of stripping steam/(t-h™")

Stripping column

Distillation column

12.568

6.289

REFETTIT 45 RN HL

Comparison of energy consumption calculation results

Design energy consumption/(kg-h™")

Unit energy consumption/(kg-t™")

Energy type
Stripping column Distillation column Stripping column Distillation column
Electricity 87.791 42.154 1.270 0.610
1.1 MPa Steam 955.168 477.964 13.823 6.917
Low-temperature heat recovery 18.200 113.855 0.263 1.648
Condensate —96.145 —48.111 —-1.391 —0.696
Amount 965.014 585.862 13.965 8.479
Energy consumption is calculated based on stable gasoline flow rate (69.1 t/h)
12 BN
Table 12 Comparison of investment cost
Process type Equipment cost/CNY Material cost/CNY Installation cost/CNY Construction cost/CNY Amount/CNY
Stripping column 1.341x107 3.10x10° 3.39x10° 2.2x10° 2.012x107
Distillation column 1.371x107 3.15x10° 3.41x10° 2.3x10° 2.050x107
3 & (2] 2. BRARMEAL UL TR & A AL B it 7). fL A
i, 2024(14): 143-146.
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SR [0 ARG B/, 29T FE R | KA fuels-unleaded petrol requirements and test methods: BS
FL R /D, BRI YR T BEFE VR IE T 241K 5.486 kg EN 228: 2012+A1: 2017[S]. Brussels: BSI Standards Pub-
Fi, SR S TR A RO B R . AR TR lication, 2019.
PE RS T 2T AR AERE L R IRE . SRS RO L6 ZRUED, Ak, FE AR A AL A i R AT I
38, 0 PR 415 B8 1 B e 7 L T4 T LB U1, RIEAT, 2024, 38(2): 96-99.
RS (2 S Y BRI AT 2 0 i, (i Ly (71 T3, 585, kg, REIRMEb 2422 & B it &
e S b i - v oMb S [7]. A imS 51T 1 45-49.
W BRI O B e Aok SR R BT R e,
2 g oy 2 - \ 8 8 B BB IR A 5 R, K
DREM RS RE R B R MR, HE— PR T2 T e e
P SR b AL A B 25 B 4x . 22 VR GB 17930—2016[S]. b
- ° i EbRE L, 2016,
(91  ZZAR AR T 200 (7], )R, 2024,
S 3 k: 51(15): 18-20.
(101 BREGZE, £, RRIEOR. AL 2L o3 R AR BRIy
[1] CANNON J A. The regulation of toxic air pollutants: R [, &40k 1, 2021, 38(5): 50-53.
A critical review[J]. Journal of the Air Pollution Control (111 FFk, ffuA, RIEWE, 2. S TFimfE bR mbe E b f i

Association, 1986, 36(5): 562-573.

AREFFTHER (7). (L T HERE, 2023, 42(5): 2371-2389.


https://doi.org/10.1080/00022470.1986.10466091
https://doi.org/10.1080/00022470.1986.10466091
https://doi.org/10.3969/j.issn.1005-2399.2015.11.010
https://doi.org/10.3969/j.issn.1006-1479.2015.02.013
https://doi.org/10.3969/j.issn.1008-1267.2024.02.029
https://doi.org/10.3969/j.issn.1005-2399.2020.02.012
https://doi.org/10.3969/j.issn.1007-1865.2024.015.007
https://doi.org/10.3969/j.issn.1003-9384.2021.05.012

%55 ST ARV B AR R 2 B R A 603

[12] UMANSKY B, CLARK M C, ZHAO X. Banish the ben- [16] KERRY R, ARVIDS J, MAARTEN A. Cost effective solu-

zene, boost the octane[J]. Hydrocarbon Engineering, 2007, tions for reduction of benzene in gasoline[C]//NPRA Annu-
12(6): 61-62. al Meeting Technical Papers. San Diego: NPRA, 2008: 20-
[13] UMANSKY B S, CLARK M C, LOPEZ C N, et al. Pro- 28.
cess for making high octane gasoline with reduced benzene (171 #AfEE. ESMELTERE T AL I] BimE AR S T
content by benzene alkylation at high benzene conversion: &, 2012, 42(4): 1-10.
US20100300930[P]. 2010-12-02. [18] PODREBARAC G G, FOLEY R. Benzene removal from
[14] MICHAEL C C, EL-MEKKIE. Gasoline benzene reduc- FCC naphtha: US7501549[P]. 2009-03-10.
tion through ExxonMobil research and engineering com- [19] 47, RIMREREE =55 R T2k arsT [3]. BARE T,
pany’s reformate alkylation catalytic technology: Ben- 2024, 44(3): 221-224.
zOUT™[C]//NPRA Annual Meeting Technical Papers. [20]  #p¥%, R e, S5 — RSB ORI O
Phoenix: NPRA, 2010: 550-555. #: CN111575045B[P]. 2022-04-05.
[15]  BARF, KRR, PMTAT, 2. —Fhisah ok & f Y s [21]  JIBSE%. 3£ T Aspen Plus (9 ELHZ& IR G 2R T 245040
i CN1219026C[P]. 2005-09-14. S5tk ] ¥ TR 345, 2024(4): 41-44, 51.

Stripping Separation and Distillation Separation for Removing
Benzene in FCC Gasoline

JIN Mengtian
(Sinopec Engineering Incorporation, Beijing 100101, China)

Abstract: The study of refined separation of fluid catalytic cracking (FCC) gasoline fractions is an important
means to reduce the benzene content in gasoline. Owing to the high benzene content in the middle fraction of FCC
gasoline, separating FCC gasoline into light, middle, and heavy fractions enables effective separation of benzene and
non-benzene components to meet the requirements for benzene content in the VIB standard for automotive gasoline.
The separation technology that uses a distillation column or a stripping column to separate gasoline is a commonly used
technique, but it has problems such as a complex process, high reflux ratio, and high energy consumption. In this work,
based on the existing stripping column for removing benzene from FCC gasoline in a catalytic cracking unit of a
Sinopec refinery, the benzene removal performance of the stripping column scheme is studied through simulation and
optimization using Aspen Plus software, and the distillation column scheme is investigated under the same feed
conditions. A comparison of the two processes for separating benzene—stripping column and distillation column—is
presented. The technical performance is systematically evaluated. The results show that using distillation-based
separation and benzene-removal technology to treat FCC gasoline reduces the volume fraction of benzene from 1.15%
to 0.70%; The energy consumption per ton of gasoline is 5.486 kg of standard oil lower than that of the stripper scheme.
The distillation method has more advantages in separation accuracy, energy consumption control, and benzene removal
efficiency. This work can provide guidance for refineries to solve the problem of excessive benzene content in gasoline.

Key words: FCC gasoline; benzene; stripping separation; distillation separation; national VIB standard for

gasoline
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